Cyclic Ether Synthesis via Lewis Acid Promoted Carbon-Carbon Bond Forming Cyclization Reactions of Unsaturated and Saturated Symmetric Acetals by Gonda, Elizabeth
W&M ScholarWorks 
Dissertations, Theses, and Masters Projects Theses, Dissertations, & Master Projects 
1988 
Cyclic Ether Synthesis via Lewis Acid Promoted Carbon-Carbon 
Bond Forming Cyclization Reactions of Unsaturated and 
Saturated Symmetric Acetals 
Elizabeth Gonda 
College of William & Mary - Arts & Sciences 
Follow this and additional works at: https://scholarworks.wm.edu/etd 
 Part of the Organic Chemistry Commons 
Recommended Citation 
Gonda, Elizabeth, "Cyclic Ether Synthesis via Lewis Acid Promoted Carbon-Carbon Bond Forming 
Cyclization Reactions of Unsaturated and Saturated Symmetric Acetals" (1988). Dissertations, Theses, 
and Masters Projects. Paper 1539625450. 
https://dx.doi.org/doi:10.21220/s2-wj6w-ja83 
This Thesis is brought to you for free and open access by the Theses, Dissertations, & Master Projects at W&M 
ScholarWorks. It has been accepted for inclusion in Dissertations, Theses, and Masters Projects by an authorized 
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu. 
CYCLIC ETHER SYNTHESIS VIA LEWIS ACID PROMOTED 
CARBON-CARBON BOND FORMING CYCLIZATION REACTIONS 
OF UNSATURATED AND SATURATED SYMMETRIC ACETALS
A Thesis 
Presented to 
The Faculty of the Department of Chemistry 
The College of William and Mary in Virginia
In Partial Fulfillment 
Of the Requirements for the Degree of 
Masters of Arts
by
Elizabeth Gonda 
1988
APPROVAL SHEET
This thesis is submitted in partial fulfillment of 
the requirements for the degree of 
Masters of Arts
Elizabeth Gonda
Approved, July 1938
Thompson, /Ph.D.
o  / /  ff c/ > < / //
[ J  / /  \it
ChH'Stopher J Jj Abe 11 ,y ,Ph. D .
\
Trevor B. Hill, Ph.D.
ii
TABLE OP CONTENTS
Page
ACKNOWLEDGEMENTS ..........................................  iv
LIST OF TABLES .............................................  v
LIST OP FIGURES ........................................  vl
ABSTRACT ....................................................  vii
INTRODUCTION ...............................................  2
LITERATURE REVIEW .........................................  6
EXPERIMENTAL ...............................................  29
Reagents ...........................................   29
Solvents ..............................................  31
Characterization ....................................  32
Preparation of Acetals ......   33
Cyclization of Acetals .............................  37
RESULTS AND DISCUSSION ....................................  47
REFERENCES ..................................................  82
III
ACKNOWLEDGEMENT
The author wishes to express her sincere appreciation to 
Professor David W. Thompson for his direction and encouragement. 
She would also like to thank Professor Christopher J. Abelt for 
the hours of help and advice he provided throughout the last 
year. In addition, the author gratefully acknowledges the 
Invaluable assistance and continual encouragement given her by 
the faculty members of the chemistry department.
iv
LIST OP TABLES
Table Page
I. Preparation of Acetals of Ethylene Glycol .............  33
II. Preparation of Acetals of MEM Chloride ................. 35
III. Preparation of Acetals of Ethyl Vinyl Ether ........... 36
IV. Cyclic Ether Synthesis Via a Lewis Acid Promoted
Promoted Transacetalization/Cyclization Sequence ... 50
V. Trifluoromethanesulfonlc Acid Promoted Cyclization
of the MEM Chloride Acetal ..............................  69
VI. Trifluoromethanesulfonlc Acid Promoted Cyclization
of the Ethyl Vinyl Ether Acetal ........................  78
VII. Trifluoromethanesulfonic Acid Promoted Cyclization
of l-(2-Methoxyethoxy)methoxy-3-butyne to Form 
Bromo-substituted Cyclic Ethers ........................  80
VIII. Trifluoromethanesulfonlc Acid Promoted Cyclization
of 1-(2-Methoxyethoxy)methoxy-3-butyne to Form 
Iodo-substituted Cyclic Ethers .........................  81
v
LIST OP FIGURES
Figure Page
1. NMR spectrum of
2 92.6-trimethyl-4-chlorotetrahydropyran ........  53
2. Expanded NMR spectrum of
2.2.6-trimethyl-4-chlorotetrahydropyran ........  54
3. Decoupled NMR spectrum of
2.2.6-trimethyl-4-chlorotetrahydropyran ........  55
4. NMR spectrum of
9-chloro-6-oxaspiro[5•4]decane ...................  56
1 35. Decoupled C NMR spectrum of
9-chloro-6-oxaspiro[5.4]decane ...................  57
6. NMR spectrum of
9-chloro-7-methyl-6-oxaspiro[5.4]decane ........  58
7. Expanded NMR spectrum of
9-chloro-7-methyl-6-oxaspiro[ 5 . 4]decane ........  59
8. Decoupled NMR spectrum of
9-chloro-7-methyl-6-oxaspiro[5.^]decane ........  60
9. NMR spectrum of the cyclization product of
1,4-dioxaspIro[4.4]nonane and 3-butyn-l-ol .... 62
1310. Decoupled C NMR spectrum of the cyclization
product of 1,4-dioxaspiro[4.4]nonane and 
3-butyn-l-ol .........................................  63
11. NMR spectrum of
5.6-dihydro-2H-pyran-4-y1 triflate ..............  70
12. Decoupled NMR spectrum of
5.6-dihydro-2H-pyran-4-yl triflate ..............  71
13. ■'"H NMR spectrum of
2-methyl-5,6-dihydro-2H-pyran-4-yl triflate ... 75
14. Decoupled NMR spectrum of
2-methyl-5,6-dihydro-2H-pyran-4-yl triflate ... 76
vl
ABSTRACT
We investigated two approaches to the synthesis of cyclic 
ethers. One route involved the titanium tetrachloride promoted 
transacetalizatlon/cationic cyclization sequence, which 
simplified existing procedures by eliminating the need to 
Isolate Intermediate olefinic acetals. The other acetal-olefin 
route to cyclic ethers involved the triflic acid promoted 
cyclization of acetals of terminal homoallylic and 
homopropargylic alcohols in halogenated solvents to prepare 
halogen-substituted pyrans. The purpose of this study was to 
further Investigate the scope of these two synthetic pathways.
In order to synthesize cyclic ethers, two acetals 
(2,2-dimethoxypropane and 1,4-dioxaspiro[4.4]nonane) were 
examined in the transacetalizatlon/cationic cyclization sequences 
with 3-buten-l-ol, 4-penten-2-ol and 3-butyn-l-ol. Cyclic 
ethers formed Include 2,2,6-trimethy1-4-chlorotetrahydropyran; 
9-chloro-6-oxaspiro[5.4]decane; 9-chloro-6-oxaspiro[5.4]dec-8-ene 
and 9-chloro-7-methyl-6-oxaspiro[5.4]decane, respectively.
Triflic acid promoted cyclizations of the unsaturated 
acetals were conducted in halogenated solvents at temperatures 
ranging from 22° to -95°C. The product pyrans contained halo 
and triflate groups. With few exceptions, the products were 
easily isolated by gas chromatography and characterized by NMR 
spectroscopy. Investigations to form bromo or iodo cyclic 
ethers through this same synthetic route at temperatures ranging 
from 10 to -63 C produced the desired C4 substituted 
tetrahydropyrans in low yields.
vii
CYCLIC ETHER SYNTHESIS VIA LEWIS ACID PROMOTED 
CARBON-CARBON BOND FORMING CYCLIZATION REACTIONS 
OF UNSATURATED AND SATURATED SYMMETRIC ACETALS
INTRODUCTION
Ionophore antibiotics, examples of which are shown in
Figure 1, are lipid soluble substances capable of binding and
transporting specific ions across biological membranes.
Antibiotics of this nature owe their antimicrobial activity to
selective effects that they induce on the permeability of
certain cations across cell membranes. "*■ Such compounds may
be divided into two classes depending on the mode of Ion
transport they promote. Neutral ionophores, which lack an
ionizable functionality, form charged complexes with cations and
2
catalyze electrophoretic transport across membranes.
Nonactin, for example, causes the active uptake of cations such 
as potassium into mitochondria at the expense of energy 
generated by elecron transport.'*'
Polyether antibiotics, so called because of the considerable 
number of tetrahydrofuran and tetrahydropyran nuclei found in the 
compounds, are representative members of this class of ionophore 
antibiotics. Their definition as ionophores is indicative of 
their ability to effect the transport of monovalent cations 
and, in a few instances, divalent cations. Aerobic bacteria 
belonging to the genus Streptomyces are responsible for the 
production of the polyethers in nature.
In order to form a stable, lipophilic ion Inclusion 
complex, preventing the cation from interacting with the bulk
3MONENSIN "OS
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Figure 1. Naturally occurring polyether antibiotics which 
contain tetrahydropyrans in their structures.
A H bondsH bonds
Polar side, with complexed cation (M) Lipophilic side of Lasalocid
Figure 2. CPK model of a lasalocid salt showing the
conformation in the crystalline state from both 
the polar and lipophilic sides of the molecule.
4solvent, the polyether must have certain structural
characteristics. In the crystalline state, the molecules exist
in a cyclic conformation with the two ends held together by a
hydrogen bond between the carbonyl group and a tertiary hydroxyl
group on the terminal tetrahydropyran ring. The oxygen
functions are concentrated In the center of the molecule and the
hydrophobic alkyl groups are all on the surface as shown In
Figure 2.^ With the alkyl substituents on the ionophore
backbone directed outward, the polar Internal ligating cavity
can be Insulated while crossing an apolar membrane 
2
interior. The ability of the conformation to shield the 
cation from the environment contributes to its effectiveness as 
a mobile carrier across biological membranes.
Polyethers exhibit a broad range of applications and 
biological effects. Divalent polyethers, such lasalocid and 
A-23187, stimulate the beating of the Isolated perfused rabbit
heart. The observed inotropic effect is ascribed to the release
2of myocardial Ca Ions by A-23187 and lasalocid.
Paradoxically, antibiotic A-23187 produced eccentric effects
when administered to an intact animal, often depressing
cardiovascular function (I.e. - relaxation of coronary vessels).
This result casts doubt on the cardiovascular effects being
2+mediated simply by Ca release.
Monovalent polyethers, such as monensin, are particularly 
important as agricultural feed additives. They control 
coceldiosis, a disease caused by a protozoan that attacks the 
epithelial cells of the Internal tract of birds and mammals. In 
addition, the polyethers promote a more efficient feed-to-food
5conversion ratio In cattle and swine."*" Polyethers Improve 
the feed-to-food conversion ratio In cattle by Inhibiting the 
growth of less favorable flora In the rumin.
Given the exciting chemistry and biology of polyether 
antibiotics, one can appreciate efforts directed at the 
synthesis of these molecules. Since the tetrahydropyran and 
tetrahydrofuran rings are prominent, there has been recent 
Interest In new synthetic routes to these structural nuclei. 
Indeed, the focus of the research In this thesis Is the 
selective and facile synthesis of five and six-membered cyclic 
ethers. Particularly germane to our approach to the synthesis 
of cyclic ethers Is the work of Johnson et al. which will be 
reviewed in some detail.
LITERATURE REVIEW 
Johnson and coworkers have studied facets of blomimetic 
cationic polyene cyclizations since the early 1950s. These 
cyclizations involve the formation of a number of rings 
stereospecifIcally (with regard to ring fusion) In a single step 
by the ring closure of an acyclic chain with olefinic bonds 
positioned in 1,5 arrangements. Blomimetic polyene 
cyclizations are particularly Interesting due to their potential 
use In steroid synthesis. For example, In the total synthesis
4
of progesterone by Johnson et a l . the trienol (_1) is 
cyclized directly to a fused ring steroid nucleus (_2) as seen 
in Scheme I.
Scheme I.
HO.
(1) (2) (3) w
In addition to providing an example of stereospecific fused 
ring formation, Scheme I shows a method for controlling the 
formation of five- versus six-membered rings at the D position of 
the steroid nucleus. The ethylene carbonate serves an an external 
nucleophile, capturing the vinyl cation and terminating the
5
cyclization after forming the five-membered D ring.
Johnson’s findings on the control of ring size, as well as his 
conclusions about initiators, terminators and optimal reaction 
conditions, should be applicable to our work Involving the
7controlled synthesis of five- and six-membered cyclic ethers.
The blomimetic cationic cyclization of a polyene to a 
polycyclic product with the all trans configuration is analagous 
to the enzymatic conversion of squalene to lanosterol, the 
precursor of cholesterol. (Scheme II.)
Scheme II.
lanosterolsqualene cholesterol
H-A
transtrans
trans
trans
(6)
In such a cyclization, the Initial generation of a carbocation 
on the polyolefin Is followed by a series of trans-anti-parallel 
electrophilic additions to the olefinic bonds; each addition 
generates a cyclohexane or cyclopentane and a new cationic 
center to perpetuate the cyclization as shown in (5).
81 8 Stork et al. and Eschenraoser et al. provided an
explanation for the stereochemical course of the conversion of
g
squalene into lanosterol. Stork et al. concluded that if 
the initiating cation is not a proton, but a suitably situated 
carbonium ion generated within the molecule, a concerted 
reaction must lead to a selectively-fused ring system. 
Consequently, if the inner olefinic bonds are trans, then a 
concerted cyclization will lead to a trans-fused ring system. 
According to this hypothesis, cis olefinic bonds should lead to 
a cis-fused ring system.
The exact mechanism through which biomimetic polyene 
cyclizations occur is still open to debate. The cationic 
cyclization could occur through a stepwise mechanism involving 
partially cyclized intermediates or through a concerted process 
in which all of the new carbon-carbon bonds are formed 
synchronously. Although little direct evidence has been 
obtained for deciding between the two mechanisms, various sets 
of experimental results have led Johnson to favor the concerted
9
mechanism. Nishizawa and coworkers , however, have 
recently provided evidence supporting a stepwise mechanism via 
cationic intermediates with a flexible conformation; it is their 
belief that the real intermediates of the polyene cyclization 
should be solvated classical cations.
The first step in a biomimetic polyene cyclization is the 
generation of an appropriately positioned cationic center. Two 
useful initiators are the allylic alcohol function and the 
acetal moiety. Advantages of the allylic system include its 
susceptibity to ionization, permitting the use of mild reaction
9conditions, and the potential for regeneration of the cationic 
site until It has reacted completely with the olefinic bond. 
Johnson realized his objectives of promoting ionization under 
relatively mild conditions to give good yields of cyclic product 
with the butenylcyclohexenol system represented by monocyclic 
dlenol (7_) in Scheme III. Cyclization of the monocyclic 
dienol (7_) with formic acid at 23° gave the syn-octalol (8_) 
as the major product. The stereoselective formation of this 
octalol may be rationalized as a rapid Ionization to the allylic 
cation (9_) followed by cyclization to give secondary cation 
(10) which undergoes preferential equatorial attack by
Once bicyclic material had been produced by allylic cation 
promoted cyclization, the next logical step for Johnson was to 
produce tricyclic material in good yield. The substrate chosen 
for this study was the monocyclic trienol (jyO , which was 
converted essentially quantitatively into tricyclic material
Scheme III
H OH
HCOOH
OH
(7) (8)
(9) (10)
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when shaken with cold formic acid for eleven minutes at room
temperature. The products shown in Scheme IV consisted of a
mixture of four hydrocarbons (see 12) and an alcohol (13).
These substances were all shown to belong to the same
stereochemical series by interconversion experiments and by their
transformation into the racemic form of the natural product
11 12fichtelite (14), whose configuration is known. 3
The production of racemic 16,17-dehydroprogesterone from
the cyclopentyl cation promoted cyclization of tetraenol (16)
provided the first synthesis of a steroid via a biomimetic
polyene cyclization. Scheme V illustrates the one-step
stereospecifIc cyclization of the initial tetraenol (15)>
which contained no asymmetric centers after undergoing rapid
dehydration just prior to cyclization, into the tetracyclic
product (_16_) that contained no less than five centers of 
13asymmetry.
Scheme IV
HCOOH
Hf OH fichtelite
(ii) (12) (13) (1*0
Scheme V
(15) - (16)
Cyclization studies of polyenic acetals mirrored the
11
allylic alcohol strategy, beginning with dienic acetals before
moving on to trienes and tetraenes. The cyclization products of
dienic acetals shown In Scheme VI supported the
Stork-Eschenmoser hypothesis in the sense that cis dienes
(17) yielded cis-octalol ethers and trans dienes (22) led to
trans octalol ethers. Each cyclization was greater than 95%
stereoselective with respect to ring fusion and achieved
14respectable yields.
Scheme VI.
(22)
Tin tetrachloride in benzene catalyzed the trienic acetal
cyclization to yield tricyclic product in almost 90%
15yield , whereas the tetraenic acetal yielded less than 10% 
tetracyclic product when run In the same solvent. The best
c*
yields of tetracyclic product were achieved in pentane at 0 ,
16but those results only hovered around the 30% mark. The 
yields of tetracyclic product were Increased dramatically when a 
cation-stabilizing auxiliary was introduced at the internal 
olefinic bond, so as to enhance the propagation of the 
cyclization process. An isobutenyl group at pro-C(8) in the 
polyene (27) would lead to a tetrasubstituted allylic cation
12
(28) after the formation of the first two rings; such a cation 
should be an effective initiator for further cyclization.
Without the auxiliary, the resulting secondary cation (30) 
would not be sufficiently stabilized for efficient initiation of 
a subsequent cyclization. (Scheme VII.)
Scheme VII.
(27)
(29)
(28)
(30)
The cyclization of tetraenic acetal with the isobutenyl group
auxiliary afforded tetracyclic product in approximately 77%
yield, indicating a marked improvement. The auxiliary group can
be removed or converted to substituents found in natural
17products, such as an aldehyde or methyl group. As a 
result, this could be a useful technique to improve yields in 
steroid synthesis.
13
Johnson et al. exerted control over five- versus 
six-membered ring formation through terminators, which are 
structural features of the initial acetal or alcohol polyene that 
direct the formation of the D ring in the steroid nucleus.
Several alkene and alkyne functional groups act as effective 
cyclization terminators while directing five-membered ring 
closure. Among the alkyne terminators are the methyl acetylenic 
group, the phenylacetylenic function and the propargylsilane 
mo i e t y .
Appropriately positioned acetylenic bonds can terminate a
cyclization as effectively as trans olefinic bonds positioned in
a 1,5 arrangement can perpetuate a polyene cyclization.
Internal carbon-carbon triple bonds in a 5,6 position relative
to a cationic center have a tendency to cyclize so as to give
five-membered r i n g s . ^
The methylacetylenic group participates in cyclizations so
as to form directly the five-membered D ring of steroid
precursors. This behavior can be rationalized by the molecule’s
preference for a linear vinyl cation (32_) over a bent vinyl 
19cation (33) as shown in Scheme VIII.
Scheme VIII
i linear
2* bent
(32)
(33)
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Normally, 6/5 C/D trans ring fusion Is observed as shown by the
However, In the absence of a good nucleophile, a bent vinyl
cation predominates to form a 6/6 C/D trans ring fusion.
Apparently, the linear vinyl cation (3_6) Is formed first, but in
the absence of a good nucleophile It undergoes an equilibration
via a Wagner-Meerwein shift with the bent vinyl cation (_37_) ,
which then abstracts chloride from the solvent to form the final 
21product (3_8) . Scheme IX Illustrates these possibilities,
showing a 6/5 C/D trans ring fusion (35.) and a 6/6 C/D trans
ring fusion (38.). Interestingly, nitroalkane solvents react
22with the vinyl cation to yield oxime ethers , which provide
5
entry Into the 17-hydroxypregnan-20-one steroid system.
As noted, the methylacetylenic group participates as a 
terminator In biomimetic polyene cyclizations so as to form the 
fIve-membered D ring of steroid precursors. For example, the 
conversion of (_39) to the corresponding tetracyclic product
occurs in a 65% y i e l d . I n  an attempt to increase the
conversion of (34) to ( 3 5 ) ^  in Scheme IX.
Scheme IX.
OH
(3*0 (35)
CFjCOOH
CHjClj
-78 *C
(3*0 (36) (37) (38)
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yields of tetracyclic material Johnson and coworkers decided to 
study phenylacetylene, a more nucleophilic terminator.
Scheme X.
The cyclization shown In Scheme X yielded 80% tetracyclic
material, determined to be a mixture of 1 3 ^  ,17f (4_0) and
13^5 ,17dC (4_1) epimers. Although 80% of this tetracyclic material
contained 6/5 C/D trans ring fusion, the remaining 20% consisted
of the unnatural 13^C(C/D cis) Isomers, which lessens Its
24utility In a synthetic pathway. In his studies to
determine what other terminators would decrease the
contamination by the 130C isomer, Johnson Investigated the
usefulness of olefinic terminators. The acid-catalyzed
cyclization of substrate (_39) with a styryl terminator In
place of the phenylacetylenic group appears to be highly
stereoselective. Tetracyclic material was produced in
approximately 80% yield, but the amount of unnatural 130C(C/D
cis) Isomers present was greatly reduced. Thus, Johnson
concluded that high stereoselectivity to form 13^> (C/D trans)
products having natural configuration would be realized with
26olefinic terminators. Despite this conclusion, Johnson 
continued to research the Influence of the acetylenic bond on 
ring closure.
The third alkyne terminator, created by linking a
-48 C
(39) ( i n )
16
trimethylsilyl group to a terminal methylacetylene, is the 
propargylsilane moiety and is pictured in Scheme XI below.
Scheme X I .
The tetracyclic material Is formed In 58% yield, but It Is an
88:12 mixture of C/D trans:C/D cis isomers. The vinylidene
substituent seen on the product (4j0 may be desirable, since
it can be converted directly Into more useful substituents.
Johnson, for example, converted that group into the complete
2 6cortical side chain in a single step. An Important step 
in the total synthesis of steroids is the elaboration of the 
corticoid side chain, which obviates the significance of this 
finding.
The trimethylsilyl group has also been linked with the 
allyl functionality to form an alkene terminator. Other alkene 
terminators include vinyl fluorides, the isopropylidene group 
and the styrene functionality. When the allylsilane functional 
group is incorporated into a good initiator, such as tetraenic 
acetal (45), tetracyclic product is formed in a combined yield
(^2) (ft)
of 34%.27 (Scheme XII.)
17
Scheme XII.
(45) (46) (^7)
The unusually long Si-C bond (189 pm vs 15^ pm for C-C) 
keeps the trimethylsilyl group relatively far from the rest of 
the molecule, reducing the potential steric effect. This 
phenomenon is evident In substitution reactions of 
trimethylsilylmethyl chloride. Another advantage of utilizing
Me^Si-CHpCl > Me^Si-CHpI k =16
J Bu -Cl ----- > JBu -I kret = ln n rel
the trimethylsilyl group as a terminator is that the Si-C bond 
stabilizes a cationic center beta to it. Carbon is more 
electronegative than silicon, so the electron density will 
concentrate around the carbon. The Increased electron density 
on the carbon of the SI-C bond will help stabilize the positive 
charge next to it. The overlap of the Si-C filled orbitals with 
an empty beta p-orbital (hyperconjugation) is more energy 
lowering than the corresponding overlap from a C-H or C-C bond. 
Consequently, carbocations with arrangement (_48) are 
stabilized and should adopt an eclipsed geometry.
The principal evidence for the stabilization of a carbocation 
by an Si-C bond comes from the experimental observations of 
Eaborn that protodesilylation of a silylbenzene Is accelerated
m
18
p o
relative to proton exchange in benzene.
29Eaborn found that protodesilylation of 
triethylsilylbenzene (M90 to (5_1) took place 1000 times 
faster than proton exchange in benzene (5_2) to (53.)- The rate 
determining step is the addition of the proton to the benzene 
ring, and is accelerated because the cation produced (5_0) is 
stabilized by the neighboring Si-C b o n d . ^  (Scheme XIII.)
Scheme XIII.
SiEt,
(49)
+ H
(53) (53)
Further evidence is provided by the O values of between -0.56 
and -0.66 for a trimethylsilyl group (5_4) , which Is noticeably 
more negative (i.e., electron donating) than that of a methyl group 
(55) (tf"f =-0.31). Comparatively, the trimethylsilyl group is 
about as electron donating as an acetamido group (56)
( (5*p = -0.60) . (Scheme XIV.)
Scheme XIV,
max
(tcne)
iMe,
411 nm
'-NH,
(56)
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xT + SIThe O ? value can be calculated from reaction rates , which
gives the lower value, or from the charge transfer spectra with
tetracyanoethylene (TONE), which give the higher values.
The charge transfer spectra support the geometrical requirement
for overlap shown in (4_8) . Thus, the silane (57.), in which
the Si-C bond cannot overlap with the Tf-orbitals of the benzene
rings, has a charge transfer spectrum negligibly different from
that of the unsubstituted compound (5_8) . This shows that
the effect is not inductive and does depend on overlap.
>max,TCNE> 424 nm
Therefore, in a cyclization terminated by the allylsilane 
function, the intermediate with the cationic center beta to the 
silicon (6_0) will be favored over the unstabilized cation 
(59). (Scheme X V . )
(*5)
Scheme XV.
SiMe,
•Me,
iMe3
(59)
(60)
The beta-silicon effect is especially clear in Scheme XII, where 
the enhanced cation stability directs the formation of a
20
fIve-merabered ring In the D position of the steroid nucleus.
A six-membered ring would have appeared in this position if the 
beta-silicon effect were not a significant factor governing 
product formation.
other synthetic pathways, specifically in the construction of 
cyclic ethers. In 1982, Itoh and coworkers demonstrated a new 
method for oxonium ion-allylsilane cyclization for forming an 
oxacyclic ring. The titanium tetrachloride promoted cyclization 
of the methoxyethoxymethyl-substituted allylsilane (61) 
proceeded to give the tetrahydropyran derivative (6_5) in good 
yield. The mechanism of this reaction is illustrated in Scheme 
XVI below.
Initially, the 2-methoxyethoxy group is selectively cleaved 
from the substituted allylsilane through effective bidentate 
coordination of the 2-methoxyethoxy group to the titanium atom. 
The newly formed oxonium ion (6_3) is responsible for 
spontaneous electrophilic attack on the allylsilane to close the 
ring and form the six-membered ring (_64_) . Upon departure of 
the trimethylsilyl group, this cyclic ether becomes a 
methylidene tetrahydropyran ( 6_5) .
Overman et al. employed the trimethylsilyl group in 
a vinylsilane approach to allylically unsaturated oxacyclics
S 4Itoh et al. have Incorporated vinyl silanes into
Scheme XVI
(61) (62) (63) (6*0 (65)
because these mixed acetals had been shown to be useful 
cyclization initiators by others in the field, such as Johnson 
and Itoh. The tin tetrachloride promoted cyclization of the 
(E)-(6_9) and ( Z ) - ( 6_6)-viny lsilane acetals shown In 
Scheme XVII afforded the corresponding 3-pentylidene 
tetrahydropyrans in 92% and 89% yield, respectively.
Quantitative gas chromatographic analysis demonstrated that both 
cyclizations were greater than 99.5% stereospecific.
It Is noteworthy to point out that the positive charge Is 
positioned beta to the silicon atom in the transition state. 
This allows the trimethylsilyl group to help control the 
stereochemistry of the double bond in the final product.
The trimethylsilyl group may maintain stereochemical integrity 
by coordinating Itself with the carbons In the alkyl side chain 
until its removal from the molecule In a later step.
Scheme XVII
Si Me,
(66) £67) (68)
SiMe:
CH,Cl
SnCl<
(69) (67) (70)
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Although the tin tetrachloride promoted cyclizations 
proceeded stereospecifically with promising yields, the titanium 
tetrachloride promoted cyclization of a different vinylsilane 
acetal afforded a rather anomalous result. The (E)-vinylsilane 
acetal(69_) cyclized to give the corresponding (E)-alkylidene 
tetrahydrofuran (7_3) in 81% yield. However, the cyclization of 
the (Z )-vinylsilane (66_) with titanium tetrachloride did not 
produce (Z ) -alkylidenetetrahydrof uran (7_8) as expected, but 
instead gave almost exclusively tetrahydropyran (7_6) .
(Scheme XVIII.)
These results can be rationalized by suggesting that the 
rate of cyclization to form the five-membered ring (7_8) Is 
insensitive to the stereochemistry at the alkene terminus, while 
the rate of cyclization to form the six-membered product is 
highly dependent on the orientation of the terminal substituent.
Scheme XVIII.
Bu
Bu
m (71) (72) (73)
5*«, Mt'1
III
(76)
(66) (74)
H X M m C l H
Lu
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Specifically, the cyclization of (66_) to (7_6) Is facile since 
the butyl group would adopt a favored quasi-equatorial 
orientation in a chair-like transition state (7^0; accordingly, 
cyclization of substrates with an (E )-vinylsilane substituent 
favored formation of (E)-alkylidene tetrahydrofuran since the 
alkyl group would occupy a quasi-axial position in a chair-like 
transition state ( 7_1) •
Cation stability must also be considered when accounting 
for product formation. The tertiary OC-silyl cation (75) 
predominates over the secondary ^ -silyl cation (.77) in the 
transition state to form the tetrahydropyran (7j>) •
Ordinarily, the more stable secondary @ -silyl cation would be
expected to govern product formation, but in this instance
steric Interactions override the beta-silicon effect .
Vinyl fluoride, a second alkene terminator, greatly reduced 
the level of C/D cis Isomer found in the tetracyclic product and 
Improved the regio- and stereoselectivity of the cyclization.
The cyclization of (79.) (Scheme XIX.) with trifluoroacetic acid
in methylene chloride at -7° gave two epimers of (80.) in a
78% combined y i e l d . ^
Scheme XIX.
:ocf
(79) (80)
The formation of a five-membered D ring rather than a
24
six-membered ring is most likely the result of a preference for 
forming a five-membered ning containing a tertiary cation a 
supposed to a six-membered ring containing a secondary cation.
This preference for a tertiary cation (8_2) over a 
secondary cation (8_4) surfaces again in cyclizations with 
isopropylidene as the alkene terminator. Systems with an 
appropriately placed isopropylidene group have a tendency to 
form five- rather than six-membered rings, but they are not 
useful in syntheses because they undergo backbone rearrangements 
as seen in the formation of (83_) from (82) . ^
(Scheme XX.)
The styryl functionality is consistent with the other 
alkene terminators, since five-membered ring formation 
predominates. During the cyclization, the resonance stabilized 
benzylic cation (8_7) is preferred over the alternative 
homobenzylic cation (86). (Scheme XXI.)
Scheme XX
(81) (82) (83)
H
(8*0
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Scheme XXI.
(86)
c*h 5
(8 5)
(87)
The olefinic bond of styrene Is more nucleophllic than an 
Isolated double bond, making it a better participant In polyene 
cyclizations. Furthermore, the nucleophilicity of Its olefinic 
bond can be increased by introducing appropriate substituents
gives a product with an aromatic substituent, which may be 
undesirable If further structural modifications are in order, 
such as conversion Into natural products. Even so, Johnson et 
al. developed a stereoselective synthesis of tetracyclic 
material with C/D trans ring fusion. The trifluoroacetic acid
O
catalyzed cyclization of (8_8) in methylene chloride at -25 
produced (89) in 80% y i e l d . ^  (Scheme XXII.)
/ N 19into the aromatic ring (i.e., p-CH^). This terminator
Scheme XXII.
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As discussed, Johnson and coworkers have developed several 
alkene and alkyne terminators which form five-membered rings.
Qli
Overman et al. and Itoh et a l . took this information
and applied It to the synthesis of five- and six-membered cyclic 
ethers. Tetrahydropyrans and other cyclic ethers are common 
structural elements In a variety of naturally occurring organic 
molecules, Including many marine natural products and the 
increasingly important polyether antibiotics. Syntheses of 
these systems have been largely limited to approaches Involving 
carbon-oxygen bond formation as the central ring forming step.
More recent approaches to the synthesis of cyclic ethers 
involve the formation of a carbon-carbon bond as the key ring
forming step. This method has been successfully employed by
S 6 S 4both Overman et al. and Itoh et a l . , whose work is
mentioned earlier in the literature review. As shown in Scheme
XXIII, one variation of this process makes use of an
electrophilic cyclization reaction in which an oxygen stabilized
carbocation (9_1) intramolecularly attacks an olefin to
generate the cyclic moiety and a second carbocation (9_2) .
Scheme XXIII.
(9°) (91) (92) (93)
S4 S8 42In recent studies of this reaction * 9 , carbocation
(91) has been generated via the Lewis-acid mediated cleavage 
of a mixed acetal (90), which is essentially the protected
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form of an unstaurated alcohol. Hence, this synthesis involves
two main subunits: an unsaturated alcohol and an acetal , which
provides C4 substitution in the final product (93_) . Thus the
overall goal of this research is to extend the utility of this
reaction by studying the use of more complex structural elements
in each of the structural subunits.
With the exception of one study involving a THP-ether
2|0
protected olefin-alcohol substrate , the study of cationic
cyclization of olefin-acetals has been largely confined to
methoxyethoxy methyl and 1-ethoxyethyl protected olefin 
41 42alcohols. ’ * Use of these mixed acetals of
formaldehyde and acetaldehyde, respectively, has limited this 
process to synthesis of cyclic ethers either unsubstituted or 
monomethylated at C2. Therefore, the first goal of this 
research was to expand the synthetic potential of this reaction 
by developing more elaborate acetal subunits, allowing synthesis 
of a variety of C2-subsituted cyclic ethers.
The synthesis of tetrahydropyrans from unsaturated alcohols 
via the Lewis-acid promoted transacetalization of symmetric 
acetals and subsequent cyclization would not only introduce a 
variety of substituents at C2, but would also simplify pyran 
formation by eliminating acetal preparation and isolation.
For example, the titanium tetrachloride promoted cyclization of 
cyclopentanone ethylene ketal (9_4) and 3-buten-l-ol (95_) as 
illustrated in Scheme XXIV, would lead to the formation of 
9-chloro-6-oxaspiro[5.4]decane (98).
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Scheme XXIV.
d»->
(9*0 (95) (96) (97) (98)
Similarly, the titanium tetrachloride catalyzed cyclization of 
the methanol derived symmetric acetal, 2,2-dimethoxypropane (99), 
with 4-penten-2-ol would lead to 2,2,6-trImethyl-4-chloro-pyran 
(101) . (see Scheme XXV.) Studies of this nature are reported 
in this thesis.
Scheme XXV.
(99) (100) (101)
EXPERIMENTAL
The goal of the experimental work reported herein was to 
Investigate and demonstrate the scope of the Lewis acid promoted 
cyclization of homoallylic and homopropargyllic alcohols to form 
tetrahydropyrans. In general, this work Involved, first, the 
synthesis of the starting acetals, and second, the cyclization 
of these acetals to form the corresponding pyrans.
I . REAGENTS
The ethyl vinyl ether (Aldrich) and the methoxyethoxymethyl 
chloride (Aldrich) used in the preparation of unsaturated 
acetals were kept refrigerated and were used without further 
purification. Likewise, the 4-penten-2-ol (Wiley Organics) used 
in the transacetalizations and the trifluoromethanesulfonic acid 
(Aldrich) used to catalyze the MEM chloride and ethyl vinyl 
ether acetal cyclizations were stored under similar conditions 
and used without further purification. The titanium 
tetrachloride (Aldrich) used to cyclize the acetals was 
flame-sealed under nitrogen in 20 mmol (approximately 2.20 ml)
In vials. The titanium tetrachloride was added to the vials In 
a vacuum atmospheres dry-box.
The ethylene glycol (Fisher Scientific), cyclopentanone 
(Fisher) and para-toluenesulfonic acid (Fisher) used in the 
preparation of the cyclopentanone ethylene ketal were Introduced
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to the reaction vessel without further purification. The 
titanium tetrachloride promoted cyclization of this symmetric 
ketal with 3-buten-l-ol (Wiley), 3-butyn-l-ol (Parchan) or 
4-penten-2-ol (Wiley) was done at various reaction temperatures. 
The cyclization of 2,2-dimethoxypropane (Aldrich) was only 
carried out with 4-penten-2-ol.
Among the chemicals used in the preparation of the 
unsaturated acetals were 3-butyn-l-ol, 3-buten-l-ol, 
n,n-diisopropylethylamine (Aldrich) and phosphoric acid (85%) 
(Pisher). Cyclizations of these acetals were either catalyzed by 
titanium tetrachloride, trifluoroacetic acid (Pisher) or 
trifluoromethansulfonic acid. Bis(trimethylsilyl)acetylene 
(Petrarch Systems, Inc.), bromoform (Aldrich), carbon 
tetrabromide (Aldrich) or iodoform with an appropriate solvent 
were used periodically to alter the cyclization conditions of 
the unsaturated acetals.
1-Heptanol (Eastman), 1-octanol (Pisher), 1-decanol 
(Eastman) and 1-pentanol (Aldrich) were used as internal 
standards in the gas chromatographic analyses of the 
cyclizations.
31
II. SOLVENTS
Methylene chloride (Pisher) was distilled over phosphorous 
pentoxide (Aldrich) and stored over Aldrich 3A molecular sieves. 
Laboratory grade diethyl ether (Fisher) was used without further 
purification in extractions during the synthesis of acetals and 
while working-up product mixtures before quantitative analyses. 
Acetic acid (10%) and hexanes (Pisher) were also used in the 
extractions during the syntheses of acetals. Benzene (Aldrich) 
was used as a solvent in the preparation of the cyclopentanone 
ethylene ketal. At times during the cyclizations of the 
MEM chloride derived and ethyl vinyl ether derived acetals, 
dibromomethane (Aldrich) or dliodomethane (Aldrich) were used as 
the solvent In place of dichloromethane.
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III. CHARACTERIZATION
Quantitative gas chromatographic analysis was performed 
using the Hewlett-Packard HP 5710A gas chromatograph with PID 
and a lO’xl/8" 10% Carbowax 20M packed column for the first half 
of the transacetalization reactions. Later, it was replaced by 
a 1 0 fxl/8" 10% SP1000 (80/100 Supelcoport) 10-foot packed 
column. This gas chromatograph was Interfaced with a HP 3380S 
integrator and yields were calculated using the internal 
standard technique. The progress of each reaction was monitored 
using the Hewlett-Packard HP 5790A gas chromatograph with PID 
that was interfacaed with a HP 3390A Integrator. The gas 
chromatograph was initially equipped with a 30M methylsilicone 
capillary column, but was replaced by a 30M (SPB-1) fused silica 
capillary column during the cyclization study of the 
MEM chloride derived acetal. In both cases, the newer column 
did not cause any difference in the peak order or cause any 
significant difference in the retention times. Preparative 
gas-liquid chromatography was performed on the HP5840A 
preparative GC equipped with a l O ’xl/4" 20% SP1000 (80/100 
Supelcoport) packed column.
NMR data (^H and ^ C )  for the transacetalization 
reactions and from the cyclization studies between the MEM 
chloride derived acetals and bis(trimethylsilyl)acetylene were 
obtained on a Varian FT-80A multinuclear magnetic resonance 
spectrometer. The NMR data (^H and ^ C )  for the 
triflates was obtained on a General Electric QE-300 NMR 
spectrometer.
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IV. PREPARATION OP ACETALS
a. Preparation of Acetal of Ethylene Glycol
The general method of preparation for the acetal of ethylene 
glycol is given below.
A 250-ml one-neck round-bottom flask was placed In a 
heating mantle, positioned over a magnetic stirrer, and equipped 
with a stir bar. The benzene (60 ml), 360 mmol of ethylene 
glycol, 180 mmol cyclopentanone and 0.10 mmol
para-toluenesulfonic acid were added directly to the flask. The 
flask was then fitted with a Dean-Stark trap, condenser and 
nitrogen gas Inlet. After Initially flushing the system with 
nitrogen, a slow nitrogen gas flow was maintained throughout the 
reaction. The reaction was allowed to gently reflux overnight. 
Once all the cyclopentanone had reacted with the ethylene 
glycol, the solvent was removed at the rotary evaporator. The 
acetal was collected by fractional distillation at the water 
aspirator.
PREPARATION OP ACETALS OP ETHYLENE GLYCOL
[TABLE I]
ALCOHOL ACETAL TEMP. OP DISTILLATION
68-71
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b. Preparation of Acetals of Methoxyethoxymethyl Chloride
The general method of preparation of acetals of 
methoxyethoxymethyl chloride (MEM chloride) is given below.
A 500-ml round-bottom flask with three necks was equipped 
with a stir bar and placed over a magnetic stirrer. One of the 
necks was fitted with a nitrogen gas inlet, another with a glass 
stopper. Methylene chloride (200 ml) was then added to the 
flask followed by 163 mmol of (methoxyethoxy)methyl chloride and 
130 mmol of the appropriate alcohol. Diisopropylethylamine 
(163 mmol) was then added to a 50 ml droping funnel, which was 
placed in the third neck of the flask. The slow nitrogen gas 
flow was maintained throughout the reaction. The reaction
o
mixture was then cooled to 0 using an ice-water bath and the 
amine was added dropwise over a ten minute period. The reaction 
was then allowed to proceed at room temperature for 
approximately forty-five hours.
After the reaction time, hexanes (100 ml) was added to the 
reaction mixture, the mixture was transferred to a 500 ml round 
bottom flask and stripped down on the rotary evaporator in order 
to remove the methylene chloride. Another 120 ml of hexanes was 
added to the flask causing the amine salt by-product of the 
reaction, which was soluble in methylene chloride but not in 
hexanes, to precipitate out as an off-white solid. This salt 
was removed by suction filtration and washed several times with 
hexanes. The filtrate was then extracted with two 75-ml 
portions of 10 percent acetic acid. The organic layers were 
dried over magnesium sulfate, and the mixture concentrated
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using the rotary evaporator.
The product was collected by fractional distillation at the 
water aspirator. Changes In the water pressure during each 
distillation caused corresponding fluctuations in vacuum 
strength. The fluctuations resulted in different readings for 
the temperature of distillation each time the acetal was 
prepared.
The following acetals were prepared by this general method.
PREPARATION OP ACETALS OF MEM-CHLORIDE
[TABLE II]
ALCOHOL ACETAL TEMP. OF DISTILLATION 
P C ]
3-butyn-l-ol
96-98
104-105
106-108
109-110
3-buten-l-ol 100-101
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c. Preparation of Acetals of Ethyl Vinyl Ether
The general method for the preparation of an ethyl vinyl ether 
acetal is given below.
A 100-ml three-neck round bottom flask was positioned over 
a magnetic stirrer and equipped with a magnetic stir bar. One 
of the necks was fitted with a nitrogen gas inlet, another neck 
with a rubber septum and a glass stopper was put in the middle 
neck of the flask. The ethyl vinyl ether (300 mmol), which 
functions as both a reactant and solvent in this synthesis, and 
the alcohol (100 mmol) were added directly to the flask. After 
initially flushing the system with nitrogen, a slow nitrogen gas 
flow was maintained throughout the reaction. Four drops of 
phosphoric acid (85%) were then added to the stirring mixture 
and the reaction was allowed to proceed at room temperature for 
approximately 18 hours.
After 18 hours of stirring, the reaction mixture was 
quenched with approximately one-half teaspoon of sodium 
carbonate, in order to neutralize the phosphoric acid. The 
acetal was collected by fractional distillation at the water 
aspirator.
PREPARATION OF ACETALS OF ETHYL VINYL ETHER
[TABLE III]
ALCOHOL ACETAL TEMP. OF DISTILLATION
------------- r*n\-------
3-butyn-l-ol 52-54
70-72
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V. CYCLIZATION OF ACETALS
a. Transacetalizations
The symmetric cyclic ketal of ethylene glycol or the 
acyclic acetal 2,2-dimethoxypropane with the appropriate 
unsaturated alcohols were cyclized according to the same 
general procedure given below.
A 250-ml three-neck round bottom flask was equiupped with a 
stir bar and placed over a magnetic stirrer. Dry methylene 
chloride (70 ml) was added to the flask. One neck was then 
fitted with a nitrogen gas inlet and a slow nitrogen gas flow 
was maintained throughout the cyclization. The other two necks 
were fitted with a rubber septum and a 50 ml addition funnel
with glass stopper. The flask was submerged in the appropriate
low temperature bath [(mono)chlorobenzene slush (-45°); 
ice-water (0 )], which was used to maintain the desired reaction 
temperature throughout the cyclization. For the cyclizations at 
room temperature (22c , the flask was submerged In an Ice-water
bath until after the addition of titanium tetrachloride.
The specified amount of alcohol was drawn up into a 
polypropylene syringe and the syringe was weighed. The alcohol 
was then added dropwise to the stirring methylene chloride over 
a period of a few minutes. The specified amount of acetal was 
Introduced to the reaction flask In the same manner as the 
alcohol. Before any acid catalyst was added, the temperature of 
the contents of the flask was allowed to equilibrate with the 
bath temperature. After equilibration the vial of titanium 
tetrachloride was broken, and Its contents emptied Into the 
addition funnel, which already contained 10 ml of dry methylene
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chloride (under heavy nitrogen f l ow). Another 10 ml of dry 
methylene chloride was added to the mixture In the addition 
funnel before the nitrogen gas flow was readjusted to provide 
just a blanket of gas over the stirring reaction mixture* The 
titanium tetrachloride/methylene chloride solution was added 
dropwise to the flask over a ten-minute period, after which time 
the addition funnel was replaced by a glass stopper.
The reaction was allowed to proceed at the specified 
reaction temperature for 1.5 h to 4 h, depending on the 
cyclization. During this time 1-2 samples of the reaction 
mixture were Injected onto the capillary gas chromatograph, 
programmed for 60-200°, [program: 60° for four minutes; 60-200,
climbing ten degrees per minute; 200° for ten minutes] In 
order to monitor the reaction's progress. At the end of the 
reaction time, 10 ml methanol and 50 ml of 1 N hydrochloric acid 
saturated with sodium chloride were added to the mixture. The 
flask was then removed from the low-temperature bath, and the 
mixture was stirred constantly while It warmed to room 
temperature. 1-Decanol, 1-octanol or 1-heptanol (in an amount 
equal to one-half the number of mmoles of alcohol used) was 
added to the reaction mixture as an internal standard for the 
calculation of yields.
In order to Isolate the products, the reaction mixture was 
transferred to a 250-ml separatory funnel, the organic layer was 
drawn off, and the aqueous layer was extracted with three 50 ml 
portions of lab grade diethyl ether. The combined organic 
layers were dried over magnesium sulfate and gravity filtered 
into a 500-ml single-neck round bottom flask. Finally, the
solvent was removed on the rotary evaporator. In some cases, 
the product was transferred to a still smaller one-neck round 
bottom flask, and a Kugelrohr distillation was performed on the 
product mixture at the water aspirator. The product mixture was 
analyzed by gas chromatography and when necessary, the distilled 
products were isolated by preparative gas-liquid chromatography. 
The isolated products were then analyzed by NMR and
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b. Titanium Tetrachloride Promoted Cyclizations of MEM Chloride
and Ethyl Vinyl Ether Acetals
The acetals of MEM chloride and ethyl vinyl ether were all 
cyclized according to the same general procedure given below.
A 250 ml three neck round bottom flask was equipped with a 
stir bar and placed over a magnetic stirrer in the hood. Dry 
methylene chloride (70 ml) was added to the flask. One neck of 
the flask was then fitted with a nitrogen gas inlet and a slow 
nitrogen gas flow was maintained throughout the cyclization.
The other two necks were fitted with a rubber septum and a 50 ml 
addition funnel with glass stopper. The flask was submerged in 
the appropriate low temperature bath [ice-water (0°);
(mono)chlorobenzene (-45°); chloroform (-63°); toluene (-95°)], 
which was used to maintain the desired reaction temperature 
throughout the cyclization.
The specified amount of acetal was drawn up into a 
polypropylene syringe and then weighed, before being added 
dropwise to the stirring methylene chloride over a period of a 
few minutes. Before introducing any acid catalyst to the 
reaction mixture, the temperature of the contents of the flask 
was allowed to equilibrate with the bath temperature.
After equilibration, the vial of titanium chloride was 
broken and its contents emptied into the addition funnel, which 
already contained 10 ml of dry methylene chloride (under heavy 
nitrogen flow). Another 10 ml of dry methylene chloride were 
added to the mixture in the addition funnel before the nitrogen 
gas flow was readjusted to provide just a blanket of gas over 
the stirring mixture. The titanium tetrachloride/methylene
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chloride solution was added dropwise to the flask over a ten 
minute period, after which time the addition funnel was replaced 
by a glass stopper. The reaction was then allowed to proceed at 
the specified reaction temperature for an appropriate length of 
ti m e .
During the cyclization 1-2jjSL samples were Injected onto 
the capillary gas chromatograph, programmed for 60-200°,
r r ° r O[program: 60 for four minutes; 60-200 , climbing ten degrees
per minute; 200° for ten minutes] in order to follow the 
reaction’s progress. At the end of the reaction time, about 10 
ml of methanol and 50 ml of 1 N hydrochloric acid saturated with 
sodium chloride were added to the reaction mixture. The flask 
was then removed from the low temperature and the mixture was 
stirred constantly while it warmed to room temperature.
1-Heptanol or 1-pentanol (in an amount equal to one-half the 
number of mmoles of acetal used) was added to the reaction 
mixture as an internal standard for the calculation of yields.
In order to Isolate the products, the reaction mixture was 
transferred to a 250 ml separatory funnel and the organic layer 
was drawn off. The aqueous layer was then extracted with three 
50 ml portions of lab grade diethyl ether. The combined organic 
layers were dried over magnesium sulfate and gravity filtered 
into a 500-ml single neck round bottom flask. Finally, the 
mixture was concentrated at the rotary evaporator. In some 
instances, the product was transferred to a still smaller 
single-neck round bottom flask and a Kugelrohr distillation was 
performed on the product mixture at the water aspirator. The 
product mixture was analyzed by gas chromatography and, when
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necessary, the distilled product was isolated by preparative 
gas-liquid chromatography. The isolated product was then 
analyzed by NMR and NMR.
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c. Trifluoromethanesulfonic Acid Promoted Cyclizations of the 
MEM Chloride and Ethyl Vinyl Ether Acetals
In addition to the titanium tetrachloride promoted 
cyclizations, the MEM chloride and ethyl vinyl ether acetals 
were cyclized with trifluoromethanesulfonic acid at various 
reaction temperatures. The general procedure remained the same 
except that an addition funnel was not necessary. The specified 
amount of acid was drawn up in a polypropylene syringe, weighed 
and then added to the stirring methylene chloride through the 
rubber septum. After the temperature of the contents of the 
flask was allowed to equilibrate with the bath temperature for 
about five minutes, the specified amount of acetal was drawn up 
in a polypropylene syringe, weighed and added dropwise to the 
stirring mixture over a period of a few minutes. After the 
reaction time, these cyclizations were quenched with methanol 
(10 ml) and saturated sodium carbonate solution (40 ml).
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d. Other Trifluoromethanesulfonic Acid Promoted Cyclizations of 
the MEM Chloride Acetal derived from 3-Butyn-l-ol 
- Attempts to Achieve C4 Substitution by Bromine or Iodine
Attempts were made to produce the unsaturated pyran with 
either a bromide or iodide at the C4 position. These 
cyclizations followed the same general procedure described 
above.
In order to determine whether a bromine ion would attack 
the cyclic cation, the cyclization was conducted with methylene
i ° r Obromide as the solvent at -45 and -63 . This cyclization was 
also conducted at 10° with bromoform as the solvent to see if 
the yield would Increase when the solvent contained more bromine 
atoms. The cyclization in methylene bromide was then carried out
o o
In the presence of excess carbon tetrabromide at 0 and -45, 
again with the expectation of increasing the yield of the 
4-bromo-pyran. Finally, this acetal was cyclized in the 
presence of excess bromoform with methylene chloride as the 
solvent at 0° and at -45°. In these cyclizations three ions 
(bromide, chloride and triflate) were competing for the cationic 
site on the unsaturated cyclic ether.
The MEM chloride acetal derived from 3-butyn-l-ol was
o
cyclized with methylene Iodide as the solvent at 10 with the 
expectation of placing an iodide at the C4 position in the 
product. The cyclization in methylene Iodide was then conducted 
in the presence of excess Iodoform at 10° with the hope of 
Increasing the yield of the iodo-substituted product. Finally, 
this acetal was cyclized in the presence of excess Iodoform with 
methylene chloride as the solvent at -45° to see how the Iodide
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Ion competed against the chloride and triflate Ions for the 
cationic site on the unsaturated cyclic ether.
During the attempts to place a bromine or iodine at the C4 
position of the product, the acid and other reagents were added 
to the stirring solvent in the flask followed by the acetal. 
After the reaction time, these cyclizations were quenched with 
10 ml methanol and 40 ml saturated sodium carbonate solution.
46
e. Miscellaneous Cyclizations of the MEM Chloride Acetals.
Both MEM chloride acetals were cyclized in the presence of 
b i s (triraethylsilyl)acetylene with methylene chloride as the 
solvent. These cyclizations followed the same general procedure 
outlined above and were promoted by either titanium 
tetrachloride, trifluoroacetic acid or trifluoromethanesulfonic 
acid. Gas chromatographic analysis Indicated very low yields of 
the chloro-substituted product when anything happened at all. 
Thus, the results of these particular experiments will not be 
elaborated on further in this thesis.
RESULTS AND DISCUSSION
There Is current interest In the preparation of cyclic
ethers by way of Lewis acid promoted carbon-carbon bond-forming
cyclizations of unsaturated acetals. An Illustrative example
41reported by Overman et al. of the facility and 
stereoselectivily of these reactions is shown In Scheme XXVI 
below. The stannic chloride promoted cyclization proceeds 
rapidly to give essentially a single diastereomeric
Scheme XXVI.
iiMe-
54 45 40eight-membered cyclic ether. Itoh , , Kay ,
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Kocienski , Overman , and Thompson 3 a with
their coworkers have reported similarly efficient acetal-olefin
cyclizations leading to five- through nine-membered rings.
These oxonium ion-initiated cyclizations in both endo and
exocyclic modes may be a significant addition to existing
47methods for the preparation of cyclic ethers. The Taddei ,
48 49Tagliavini , and Chan groups have reported related
reactions which involve Lewis acid promoted condensation of
olefins and aldehydes and subsequent cyclization to cyclic
ethers. It is appropriate to point out that all of the above
48
reactions have roots in the chemistry of the classic Prins
During earlier investigations of the formation of
3-alkylidenetetrahydrofurans from the acid promoted cyclization
found that the preparation of the ethyl vinyl ether acetal of 
4-phenyl-3-butyn-l-ol was plagued by polymerization problems.
In order to circumvent this barrier to the synthesis of 
2-methy1-(3-phenylchloromethylidene)tetrahydrofuran, a 
preparation of the symmetric acetal of 2-methoxyethanol and 
acetaldehyde was mapped out. The desired acetal could then be 
used as a reagent with 4-phenyl-3-butyn-l-ol in a single vessel 
synthesis of the cyclic ether shown in Scheme XXVII. This 
reaction involves the Lewis acid catalyzed exchange of one
methoxyethoxide for the unsaturated substrate alkoxide; the 
mixed acetal formed during this exchange would then rapidly 
cyclize. Reference to Table IV summarizes the results of this 
transacetalizatIon/cyclization approach.
Several colleagues have labored over this synthetic route 
during the last few years. Spirocyclic acetal (_5) and 
symmetric acetal (_3) were studied for this thesis, but 
discussion will not be limited to them exclusively. For reasons
50reaction and modifications thereof
51of acetals of internal homopropargyl alcohols, Thompson and Lane
Scheme XXVII
e x c h a n g e CYCLIZATION
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of clarity and neatness, the following discussion will include 
other transacetalization work of our group germane to the 
project as a whole.
Initial success with the reaction in Scheme XXYII spurred
further investigations of the transacetalization route to cyclic
ethers. Transacetalization represents a simplification of
existing procedures by eliminating the need to isolate
intermediate olefinic acetals. Moreover, the ready preparation
of symmetric acetals from aldehydes and ketones should allow
greater flexibility for introducing substituents at the
2-position of tetrahydrofuran and tetrahydropyran ring. In 
C52previous work^ , the yields from the cyclizations of the 
ethyl vinyl ether acetals were often lower than those from the 
methoxyethoxy acetals. The higher yields for the MEM acetals 
may be due to the bidentate coordination of the methoxyethoxy 
fragment to the Lewis acid. Formation of symmetric acetals with 
alcohols such as ethylene glycol and 2-methoxyethanol allow 
bidentate coordination to the acid during cyclization.
Bidentate coordination, however, is not possible for the ethyl 
vinyl ether analogs.
The entries In Table IV suggest that the Initial success 
of the transacetallzatlon/cycllzation sequence does have general 
utitity. Acetals (_1) and (_2) , derived from 2-methoxyethanol 
and formaldehyde, respectively, react with 3-buten-l-ol and 
trans-3-hexen-l-ol to give good yields of tetrahydropyrans.
These same tetrahydropyrans have been made previously via 
cyclization of the isolated MEM and ethyl vinyl ether-olefin 
acetals. In addition to satisfactory yields, the
TABLE IV.
CYCLIC ETHER SYNTHESES VIA A LEWIS ACID 
PROMOTED TRANSACETALIZATION/CYCLIZATION SEQUENCE
Symmetric Acetal Alkenol/AIkynol Conditionsa Product (Yield')
(97)
0 0 0 o
(1)
0°
1 h (4:1:5)
1 h (2:1:3)
„,V
(7) a
(98) 
(85.15 
trans: 
cis)
13C-NMR (5CDC1.)
36.9, 56.9, 66.1
(trans) 10.7, 21.5, 
34.8, 42.1, 60.1, 
62.6, 67.0
(<fs) 11.0, 7 7.3 
36.4, 46.2, 61.5, 
67.2, 70.8
50
2 2 *
3 h (2:1:4)
(8) a
(93)
cis
22.9, 38.3, 45.9, 
57.1, 68.5, 74.6
0 o
(2)
22 "
3 h (2:1:4)
(9)
(99) 
>95% 
trans, 
trans
19.0, 16.7, 
32.4, 48.3, 62.0, 
66.1, 76.2
,Ph 0.8 h (2:1:2)
(10) Cl
(90) 18.6, 34.5, 65.5,
76.0, 122.9, 128.2,
138.0, 142.7
HjCO OCHj
(3)
-45"
2 h (2:1:2)
(85)d
cis
(11) a
22.2, 22.8, 31.9,
44.7, 47.3, 54.2,
66.8, 73.4
2 2 °
4 h (2:1:2)
(12) a
(77) 21.5, 21.9, 26.4,
30.5. 37.6, 39.9, 
46.7, 53.9, 60.3, 
73.7
Q
(4)
2 2 "
a n (2:1:2)
2 2 °
4 h (2:1:2)
0°
4 h (2:1:2)
(13)
(14)
(99)
cis
(23)
(52)
21.8, 22.1, 22.5, 
26.3, 31.0, 40.2,
44.8, 46.1, 54.1, 
65.1, 74.0
22.1, 25.5, 33.3, 
35.7, 59.2, 74.3, 
129.3, 131.5
8
(5)
22 °
4 h (1.5:1:2)
6 h (2:1:2) 05) ci
22°
4.25 h (1.5:1:2)
Q ° r
4 h (2:1:2) (16) C‘
22°
9 h (1.5:1:2)
6 h (1.5:1:2) (17)
(57)
(98)
(54)
cis
(96) 1
23.4, 24.5, 33.5, 
37.1, 41.0, 46.1, 
54.9, 61.5, 84.9
22.1, 23.4, 24.9, 
33.4, 41.9, 44.8, 
46.0, 54.9, 67.5, 
85 .0
a) All reactions were run with 10-20 minol of unsaturated alcohol in ca. 70- 
140 mL of methylene chloride, respectively. For the 22° reactions the 
reagents were added at 0°. Yields are by glc and are corrected for response 
factors.
b) Both E and Z isomers are present in an 83:17 ratio. We assume that the 
major isomer is E due to the strong preference for trans addition in 
cationic olefin cyclizations.
c) In these two reactions we observed a peak in the glc in the expected 
product region. However, yields were poor at ca. 10%. The product was not 
characterized.
13d) Compounds 11 and 16 have not been prepared previously. C NMR methyl 
peaks at 22.2 and 22.8 for 11 and at 22.1 for 16 ensure equatorial 6 and 7
methyl groups, respectively.^  NMR spectra unambiguously indicate
equatorial chlorine substitutents by exhibiting a "triplet of triplets" for 
the 4 and 9 protons of each compound, respectively: J = 4.5 Hz and J = 1 2
aa ae
Hz for both compounds.
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transacetalization procedure provides essentially the same 
distribution of stereoisomers as the isolated acetal-olefin 
systems run at similar temperatures. Trends observed from 
earlier work by Thompsom et al. indicate that lower reaction 
temperatures favor slightly the trans and trans-trans isomers. 
This similarity of stereoselectivity is expected if the pathway 
outlined in Scheme XXVII Is Indeed correct.
Acetal (_3) reacts with 4-penten-2-ol and titanium
tetrachloride at low temperature to give the cis isomer 
(JLl) , 9&% by glc. This selectivity is understandable, due to 
the unfavorable 1,3-diaxial Interaction If the alkenol methyl 
group does not occupy a pseudo-equatorial position in the 
chair-like conformation just prior to ring formation. An 
additional condition for the stereoselective formation of
the trans Isomer Is the strong preference for trans addition
across the double bond, an Inclination which has been 
established In similar systems'*"'*'.
Spirocyclic compounds (12-17) are formed from acetals of 
cyclohexanone (_4) and cyclopentanone (_5) . The titanium 
tetrachloride promoted cyclization of acetal (_5) with
3-buten-l-ol produced the desired tetrahydropyran (_15) in good 
yield. This pyran, because it was prepared from a MEM chloride 
based acetal, has only one possible Isomer.
On the other hand, two possible Isomeric forms are possible 
for the cyclization product of acetal (5_) with 4-penten-2-ol.
One isomer has a cis relationship between the halogen on the
4-position In the pyran ring and the methyl group on the 
6-position. Thus, both substituents are either axial or
52
equatorial, but equatorial positioned substituents offer less
steric hindrance. The other isomer has a trans relationship
between these substituents, with one being axial and the other
equatorial. Analysis of the product with gas-liquid
chromatography indicates the presence of only one isomer. Prom 
1 13the H and C NMR spectra (Figures 6 and 8, respectively),
the product was identified as the isomer with the cis
relationship between the halogen and alkyl group. The NMR
spectrum shows that the chlorine is equatorial. The axial proton
attached to this chlorine appears as a triplet of triplets at
4.1 ppm, which is more discernible on the expanded spectrum
(Figure 7). Had this proton been equatorial and chlorine axial,
a different splitting pattern with a much larger total width would
have been observed. Evidence of the equatorial methyl group was
18provided by its chemical shift of 22.2 ppm on the C spectrum.
54Eliel and coworkers showed that the methyl group on the
2-position of the major isomer of trans-2,4-dimethyl pyran had a 
chemical shift of 22.48 ppm. Hence, spirocyclic compound (16), 
like pyran (hi) , has the cis stereochemistry.
Unlike the cyclizations of acetal (_5) with 3-buten-l-ol 
or 4-penten-2-ol, which benefitted from improved yields at lower 
reaction temperatures, cyclization with 3-butyn-l-ol afforded 
lower yields as the reaction temperature decreased. Due to the 
earlier success with the olefinic alcohols documented above, 
this result was unexpected. Analysis by gas-liquid 
chromatography indicated product formation, but upon addition of 
an internal standard, the product peak accounted for a minor 
portion of the total peak area (ca. 10%).
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A final attempt to cyclize 1,4-dIoxaspiro[4.4]nonane with
3-butyn-l-ol at 22° produced a product with a longer retention 
time than in previous attempts. Isolation of the major peak via 
preparative gas-liquid chromatography proved difficult. 
Satisfactory peak resolution (and consequently, product purity) 
was not achieved even when the column temperature was 
significantly decreased.
Spectral data (Figure 9-^H NMR and Figure 1 0 - ^ C  NMR) 
obtained for this isolated product was much too complex for 
the expected pyran (compound (1_7) In Table IV). The observed 
chemical shifts of 123.5 and 158.8 ppm for the two olefinic 
carbons In this product are particularly upsetting; ordinarily, 
these two carbons would have chemical shifts between 120 and 140 
ppm. Perhaps this compound is formed In combination with 
another, more complex molecule. It might be possible for the 
acetylenic bond to close the ring In an exocyclic manner, 
creating a primary vinyl cation In the transition state. This 
vinyl cation may then experience nucleophilic attack from 
O C H ^ C ^ C S C H  rather than abstracting a chloride 
atom from the solvent, as outlined In Scheme XXVIII below.
Scheme XXVIII.
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The calculated chemical shifts for the olefinic carbons in this
compound are 158.2 and 120.2 ppm, which correspond closely with
the observed shifts cited above. The acetylenic carbons would
exhibit chemical shifts at 65-90 ppm and in the cluttered region
between 20 and 40 ppm, which could also be accomodated by the 
18 C spectrum. There are, however, too many carbon shifts 
for the suggested compound to be the sole product. For this 
reason, formation of two or more spirocyclic compounds seems 
plausible. Prior to cyclization, pyran (1_7) was envisioned as 
the major product because of the ease with which the cyclohexyl 
substituted pyran (14) was formed. Due to this anomalous 
result, a satisfactory explanation for the products of 
the cyclization remains a mystery.
In an attempt to expand the synthetic potential of the 
acetal-olefin route to cyclic ethers, the cationic cyclization 
of unsaturated acetals of either 2-methoxyethoxy methyl or 
1-ethoxyethoxy protected (terminal homoallylic and 
homopropargylic) alcohols with triflic acid in halogenated 
solvents was investigated. These cyclizations were expected to 
provide insight into triflate production and halide abstraction.
The acetal-olefin route to cyclic ethers has been studied 
U2 4^ 44
by Thompson et al. 3 3 The titanium tetrachloride
promoted cyclization of the acetal derived from ethyl vinyl 
ether (102) and 4-penten-2-ol (101) was particularly 
interesting. This cyclization produced the pyran in the 
carbon-carbon bond forming reaction shown in Scheme XXIX. The 
six-membered ring (105) was formed In greater than 90% yield, 
and 98% of this product had the all cis configuration. The
65
absence of product with the trans dimethyl configuration is 
understandable, In part, since It would experience unfavorable 
1,3-diaxial Interactions during ring closure. Absence of the 
isomer with di-equatorial methyl groups and an axial chlorine Is 
consistent with a strong tendency for trans-anti-parallel 
addition across the olefin. A mechanism of cyclization via an 
oxo-carbocatlonic Intermediate (104) , as seen In Scheme XXVI, 
was presented as a reasonable pathway for such a cyclization.
Scheme XXIX.
-  A / t )  n c i,OL °'ft
(103)(101) (102) (1<*) (105)
The absence of a furan product In a reaction such as that 
Illustrated in Scheme XXIX can be explained by considering the 
possibilities for placement of cationic charge on the 
Intermediate prior to ring formation. If the acetal closed to 
form a fIve-membered cyclic ether, as shown in Scheme XXX, 
then a primary cation (106) would result.
Scheme XXX.
TiCl,
CHjClj
(10 6)
(103) (10*0 ^ O r  (107)
A secondary cation (107) is the product of ring closure to 
form the six-membered cyclic ether. Secondary cations are
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more stable than primary cations. Since the pyran is the 
favored product, cation stability appears to influence the 
product distribution.
With cation stabilities and the preference for trans 
addition across the double bond in mind, efforts were made to 
cyclize 1-(2-methoxyethoxy)methoxy-3-butene (108) .
Scheme XXXI illustrates the mechanism and products of this 
triflic acid promoted cyclization. The secondary cation was
Scheme XXXI.
q— o
i **
" t P A   u V ° s
O  CH*CI* (11°) (112) Huz 01 or 0S02CF5
(108) ( 1 0 9 ) ^ ^  / S
Nuis9
(111) (113)
expected to prevail In the transition state and either abstract 
chloride ions from the solvent (dichloromethane) or pick-up 
triflate ions from the acid catalyst to form the six-membered 
cyclic ether. Triflic acid was selected as the catalyst because 
the resulting triflate Ion is a poor terminating nucleophile, 
and hence, abstraction of halogen from the solvent Is more 
favorable than with titanium tetrachloride.
None of the acetal-olefin cyclizations produced the desired 
triflate (112) and only the cyclization at 0° appeared to 
produce any of the chloro-substituted cyclic ether (112).
o
Even though one of the products was formed at 0 , its peak on
the gas chromatogram accounted for less than one percent of the
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total peak area. When the cyclizations at -63° were worked-up, 
excess trifluoromethanesulfonic acid was recovered. Gas 
chromatographic analyses performed while the cyclizations were 
in progress and after quenching each cyclization, failed to 
indicate the presence of the initial acetal. It is feared that 
the acid was simply too strong for the acetal; instead of just 
cleaving the ethoxymethoxy group so that the olefinic bond could 
participate as a cyclization terminator, the triflic acid seems 
to have completely destroyed the acetal.
In view of these discouraging results, our attention 
turned to the triflic acid promoted cyclization of the MEM 
chloride acetal derived from 3-butyn-l-ol, 1-(2-methoxyethoxy) 
methoxy-3-butyne (114) . Scheme XXXII illustrates the proposed 
pathway and products [4-chloro-5,6-dIhydro-2H-pyran (118) 
and 5*6-dihydro-2H-pyran-4-yl triflate (118)] of these 
cyclizations.
Scheme XXXII.
QNu
( 1 1 8 )  Nu- Cl or OSOjCF,
P
Nu
(119)
We were pleased that these acetylene-acetal cyclizations 
with triflic acid did lead to the expected products, which were
1 "3 1
characterized by C and H NMR spectroscopy. The 
13c NMR spectrum of 5,6-dihydro-2H-pyran-4-yl triflate
\ r v > ____
(11^) (115)
O
Nu
(116)
o-
Nu9
(117)
6 8
(Figure 12) clearly shows five different chemical shifts for the 
carbons on the ring. The carbon attached to the three fluorines
appears as a quartet centered around the two shifts at 116.43
and 120.67 ppm. The coupling constant of 4.24 ppm for this
product is consistent with that observed for other
fluorinated hydrocarbons.
The overall yield of products increased as the reaction 
temperature decreased. Hence, the best overall yields were 
achieved at -63° and at -95°, while the cyclization at room 
temperature provided the least promising quantitative results.
(see Table V . )
The yield of the 4-chloro-5,6-dihydro-2H-pyran followed 
the same general trend as the overall yield. Consequently, the 
greatest amount of the product was formed at -63° and at -95°. 
Lowering the reaction temperature may have inhibited side 
react:, m s ,  allowing the secondary cation to abstract more 
chlorine atoms from the solvent upon ring closure. Although the 
yield of the 4-chloro-pyran varied with different reaction 
temperatures, the production of the triflate appeared relatively 
insensitive to temperature changes. Thus, approximately 30% of 
the combined yield was composed of the triflate in each 
cyclization.
24 26Johnson et al. * noticed that both the 
phenylacetylenic and methylacetylenic groups participated in 
biomimetic polyene cyclizations so as to form directly the 
five-membered D ring of steroid precursors. However, when a 
hydrogen atom replaces the methyl or phenyl group on the 
acetylenic bond, six-membered ring formation predominates. This
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preference for six-membered ring formation can be rationalized 
through cation stability. Ring closure to form the six-membered 
ring produces a cyclic secondary vinyl cation, whereas ring 
closure to form the five-membered ring produces a less stable 
primary vinyl cation in the transition state.
Although many of the cyclization studies carried out by 
Johnson et al. gave exclusively the fIve-membered ring as the 
terminal ring of a fused ring system, in a few cases a mixture 
of five- and six-membered rings was obtained. Scheme IX is a 
representative example of this point. The cyclization of 
(3JO with stannic chloride in dichloromethane gave a mixture 
of five- and six-membered ring vinyl chlorides. With 
trifluoroacetic acid in dichloromethane at -78°, however, the 
cyclization proceeded to give exclusively the six-membered 
product (38,) . It is assumed that the favored Intermediate, 
the secondary linear vinyl cation (3_5) is formed, but this 
fIve-membered cation undergoes a Wagner-Meerwein rearrangement 
to form the six-membered cation (3_7) , which abstracts a 
chloride ion from the solvent.
Johnson suggests that the fIve-membered product is obtained
if the cationic precursor (_36_) is immediately trapped by
nucleophile. Six-membered ring formation has only been observed
in media of relatively low nucleophllicity containing sources of
21halide ion, which act as the nucleophile. The 
rearrangement from linear to bent vinyl cation may be favored 
due to the relief in torsional strain in going from a 6/5 to a 
6/6 fused ring system; however, rearrangements of this nature 
are not effects which are pertinent to the studies presented
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herein but should be kept in mind with extension to the triflic 
acid cyclization of internal acetylenic acetals.
Cyclization studies were also conducted on the acetylenic 
acetal of ethyl vinyl ether and 3-butyn-l-ol (120). These 
triflic acid promoted cyclizations were expected to produce 
six-membered rings, based on the results of the corresponding 
MEM chloride acetal. Indeed, pyran formation was favored and 
two products [2-methyl-4-chloro-5,6-dihydro-2H-pyran (124) 
and 2-methyl-5,6-dihydro-2H-pyran-4-yl triflate (124)] were 
observed. The purpose of these cyclizations was to Investigate 
the participation of a terminal acetylenic bond as a cyclization 
terminator. In addition, the influence that a methyl group 
alpha to the cation formed upon cleavage of the 1-ethoxyethoxy 
group exerts on ring size was examined.
The cyclization products were unsaturated six-membered 
rings; fIve-membered ring formation was not observed at all.
This preference for production of a six-membered ring is the 
result of cation stability. Ring closure to form the 
six-membered cyclic ether produces a secondary vinyl cation 
(122), whereas ring closure to form the fIve-membered ring 
produces a less stable primary vinyl cation (123) in the 
transition state, (see Scheme XXXIII.)
Scheme XXXIII.
Nu
(123) (125)
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The spectral data obtained for this product supports this
13line of reasoning. The C NMR spectrum (Figure 14) shows
six different chemical shifts, since none of the carbons are in
a chemically equivalent environment. As expected, the carbon
attached to three fluorines appears as a quartet that is
centered around the two shifts at 116.45 and 120.69 ppm. The
methyl group on the 2-position of the ring is responsible for
moving the C2 and C3 signals further away from trimethylsilane.
13Otherwise, the C spectra for the two triflates resemble 
each other.
The overall yield did not follow a general trend with 
varying reaction temperatures as did the yields of the 
cyclization for the corresponding acetylenic acetal derived from 
MEM chloride. As the reaction temperature was lowered from 22° 
to 0° to -45° , the combined yield for both products increased. 
The most favorable conditions for quantitative results proved to 
be -45° , since the overall yield decreased when the
o o
cyclizations were conducted at -63 and at -95. The same 
conditions (-45°) appeared optimal for production of the 
chloro-substituted product; at reaction temperatures above or
I obelow -45 quantitative yields were not as great.
Unlike the cyclization of 
l-(2-methoxyethoxy)methoxy-3-butyne (114) where triflate 
production was relatively insensitive to temperature changes, 
triflate production in the cyclizations of
1-(1-ethoxyethoxy)-3-butyne (120) increased with decreasing 
reaction temperature until -63°. Cyclization at -95° produced 
the least amount of triflate. More triflate than the 4-chloro
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pyran was produced In the cyclizations at 22° , 0° and -63°. 
Conversely, the cyclizations at -45° and -95° yielded more of 
the 4-chloro pyran. It Is Interesting to note that the 
cyclizations of 1-(2-methoxyethoxy)methoxy-3-butyne yielded 
more of the 4-chloro pyran than triflate. (see Table VI.)
An Initial Intention of the series of cyclizations 
described above was to examine the competition between chlorine 
ions In the solvent and the triflate Ion In the acid for the 
cationic site on the cyclic ether. The lower reaction 
temperatures should have helped the triflate ion compete with 
chlorine for the cationic site, even though it is a poor 
nucleophile. This hypothesis was correct only for the
G C
cyclizations of 1-(lethoxyethoxy)-3-butyne at 22c',0 and at -63 .
Otherwise, more chlorine Ions were able to reach the cationic
site before triflate ions, resulting In higher yields for the
4-chloro-product.
The purpose of the remaining trlfluoromethanesulfonlc acid
promoted cyclizations of 1-(2-methoxyethoxy)methoxy-3-butyne
was to achieve C4 substitution by bromine or Iodine In the final
product. In each cyclization, the amount of acid used
represented approximately four times the amount of acetal present.
Bromine substitution was achieved, but yields hovered
around the ten percent mark. Three to four times more triflate
was produced, regardless of the reaction tempertature. The
highest quantitative yields were achieved when the cyclization
o
was conducted at 0 in the presence of a ten-fold excess of
o
carbon tetrabromlde. When cyclizations were run at 0 with a 
five-fold excess of bromoform in methylene chloride, where three
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products were possible, relative ratios calculated from the 
capillary gas chromatographic data indicated that the 
bromo-substituted pyran was formed in the lowest amount.
(see Table V I I .)
Similarly, the Iodine substitution was proven possible but 
yields were less than promising. When the cyclization was 
conducted at -45° with a five-fold excess of Iodoform In 
methylene chloride, relative ratios calculated from capillary 
gas chromatographic data indicated that the chloro-substituted 
product was most prominent and the desired 4-Iodo product least 
evident. Whether the acetal was cyclized by itself in methylene 
iodide or in the presence of iodoform, the highest yield was just 
over two percent. (see Table VIII.)
Further attempts to Incorporate bromine or Iodine into the 
final product were terminated, due to the poor yields achieved 
in these preliminary studies. Based on these results, the use 
of triflic acid in the presence of bromo- and iodo-carbons Is 
not a route to forming bromo or iodo cyclic ethers.
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